This study examined the impact of inpatient education on diabetes knowledge, acute coronary syndrome (ACS) symptom management and diabetes self-management on discharge for patients with ACS and type 2 diabetes mellitus (T2DM). A cross-sectional survey and patient health record review of 160 patients was conducted in a major hospital in Shanghai. Patient education received was measured using a visual analogue scale. The survey included valid and reliable measures of diabetes knowledge, self-efficacy, attitudes to ACS and clinical outcomes. Inpatient education contributed to improvements in fasting blood glucose on discharge (P < 0.05). ACS symptom management [Chinese language version of the ACS response index (C-ACSRI) scores] and selfmanagement of T2DM [Chinese version of diabetes management self-efficacy scale (C-DMSES) scores] on discharge differed for the limited education group and sufficient education group (P < 0.001). Based on the multiple regression analyses, increasing scores for the C-ASCRI and C-DMSES could be explained by higher scores for perceived health education. Education relating to ACS and T2DM delivered during an acute admission was associated with improved scores in ACS symptom management and T2DM self-management, preparing some patients to manage both conditions on discharge.
Introduction
The prevalence of acute coronary syndrome (ACS) remains high, despite the reported decline of mortality rates for coronary heart disease (CHD) [1] . Diabetes is a strong independent risk factor for ACS [2, 3] , with a 2-4-fold increased prevalence of ACS among patients with diabetes compared to those people without diabetes [4] . Approximately one-third of ACS patients also had diabetes or impaired glycaemic status [5, 6] .
In China, patients admitted with type 2 diabetes mellitus (T2DM) have also been frequently reported as having ACS (19.7%) [7] . The occurrence of ACS increased with age and with being male [7] . ACS patients with diabetes are reported as having higher rates of congestive heart failure and stroke, with increased rates of mortality, than those without diabetes in China [8] .
Both ACS and T2DM share similar risk factors which contribute substantially to poor patient health status and health-related quality of life [9] . Sedentary lifestyle such as low physical activity, obesity, smoking and fast food intake are found to be associated with patients with ACS and T2DM [10] . Management of sedentary lifestyle and high blood pressure (BP), hyper-and hypo glycaemia, poor lipid control and obesity are frequently addressed by health education programmes [11] . The health education programmes for diabetes focus on reducing these and other risk factors [12] .
There is limited research reported to date about ACS patients with T2DM (ACS-T2DM) education, although evidence is emerging [13] . A recent systematic review examining the effectiveness of self-management programmes for people living with both ACS and T2DM found four relevant trials [13] . All the studies were conducted in an acute hospital setting with most participants being recruited from the cardiology departments such as a coronary care unit (CCU) [13] . All programmes were delivered during the inpatient stay (four trials) and post-discharge (four trials). This cardiac-diabetes self-management programme contained 3 Â 30-min, face-to-face education sessions with a booklet provided and with subsequent telephone calls and text messages or home visits [14] [15] [16] . The remaining study in the review did not describe the contact hours but reported 90 min of supervised exercise twice per week [17] . These programmes were led by registered nurses [14, 15] , trained peers [18] or a range of professionals including nurses, physicians, a podiatrist and an ophthalmologist [17] . All programmes adopted at least two types of formats and commonly delivered one-to-one sessions within the healthcare setting [13] .
China has a health system that is centralized to the acute hospital sector [19] . Contemporary reforms have focussed on reconstructing the primary care system to shift utilization of health care services from hospitals to primary care facilities [19] . The results of these recent reforms in China aimed at improving access, quality and efficiency of primary care, are unclear [20] . Health education is one of the main functions of community health centres within primary care, although Chinese people have limited awareness of the need for health education in relation to chronic conditions (31.8%) [21] . Additionally, patients may come from rural communities that have limited access to local primary care services for follow-up education after discharge, or the need to travel also reduces the opportunity for patients to receive education [22] [23] [24] . The acute admission period for patients with ACS-T2DM may provide the best opportunity to deliver effective education to these patients within acute settings within China.
A recent qualitative study of health professionals from a CCU within a Shanghai hospital, explored the education provided to patients during an acute admission for ACS-T2DM (Liu et al., under review). The education was being delivered by physicians and registered nurses, and reflected the western clinical guidelines [25] [26] [27] [28] [29] [30] and Chinese guidelines [31, 32] , for both the management of ACS and T2DM. The effectiveness of the inpatient health education currently being delivered to inpatients with both ACS and T2DM remains unclear. It may be that inpatient health education delivered at the best available opportunity for patients from Shanghai, does effect changes in the patients' ability to respond to symptoms of ACS and self-manage their diabetes.
Aims: This study examines the impact of health education delivered during the acute admission of patients within a Shanghai hospital, presenting with ACS and T2DM, on outcomes of diabetes knowledge, attitudes of ACS symptoms management, diabetes management self-efficacy and clinical outcomes (such as fasting blood glucose levels). In addition, comparisons between subgroups of patients with varying levels of education will be undertaken.
Materials and methods

Study design
A correlational design was used to address the study aim. A cross-sectional survey and review of the patient healthcare records were conducted.
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Setting and sample
The study was undertaken at the Tenth People's Hospital of Tongji University in Shanghai, with survey data collected prior to discharge, and clinical outcomes on discharge obtained after discharge from the patient healthcare record. Patients who were admitted to the cardiovascular units as an acute admission related to ACS who also had a diagnosis of T2DM were invited to participate. A non-probability sample of patients was included based on the following criteria: having ACS-T2DM, being over 16 years of age, able to understand, speak and write Mandarin Chinese. Patients with a severe debilitating medical or related condition such as persistent muscle spasms, significant cognitive problems or severe mental illness (determined through assessment by the CCU physicians) were excluded from the study. The researcher contacted the nursing unit manager and obtained advice on which patients were interested and suitable to participate. A participant information letter was given to all eligible and suitable patients. Further written informed consent was obtained from patients willing to participate. For those patients who were eligible but did not wish to participate (6/166, 3.61%) no further action was taken. After written informed consent was obtained and the participants were reassured that the data was to remain strictly confidential, participants were given the survey to complete. The participant information letter and consent forms were written in both Chinese and English to assist all participants to give informed consent.
Ethical considerations
Data collection tools Survey
A visual analogue scale (VAS) was developed with scores ranging from 1 (I have received little or no education) to 100 (I have received comprehensive education) for each of the health conditions i.e. referred to as 'heart problems' and 'blood sugar problems'. A VAS is a psychometric response scale which can be used to visually represent a specific statement. Self-reported pain, quality of life and stress have all been measured using a VAS within large clinical trials [33, 34] . A VAS is a sensitive tool for measuring differences such as loss of ability in ACS patients [35] . A VAS scale is well understood and accepted by ACS patients and is easily completed by this group [36] .
In addition, the survey consisted of three standardized scales relating to knowledge and self-efficacy.
Diabetes knowledge
The Chinese version of Diabetes Knowledge Scale (C-DKS) includes eight questions reflecting patients' knowledge about diabetes [37] , with the total scale scores ranging from 1 (low level of knowledge, one correct answer) to 8 (high level of knowledge or 8 correct answers). Internal consistency has been supported with a Cronbach's alpha of 0.70 [38] .
Attitudes of ACS and diabetes management self-efficacy
The acute coronary syndrome response index (ACSRI) includes items relating to patient's knowledge, attitudes and beliefs about ACS symptoms. It was first developed for adult patients in western countries [39] . The Chinese language version of the ACSRI (C-ACSRI) is a reliable and valid scale, with Cronbach's alphas reported for total scores, knowledge, attitudes and beliefs as 0.81, 0.79, 0.87 and 0.71, respectively [40] . Only the attitudes subscale was included in this study.
The Chinese version of diabetes management self-efficacy scale (C-DMSES) examines self-efficacy (confidence to undertake the required activities) towards disease management. Items from the scale include: blood sugar and feet check, nutrition, physical training and body weight and treatment. Acceptable internal consistency (Cronbach's alpha ¼ 0.77-0.93) has been demonstrated [41] .
Inpatient education for patients with ACS and T2DM
Patient health care record review and clinical outcomes
A patient health care record review tool was developed to assist data collection and to ensure consistency or uniformity in the data obtained. The items in the tool were based on the discharge management of acute coronary syndromes (DMACS) e-DUE audit tools [42] and the literature [25, [43] [44] [45] [46] [47] . The tool was reviewed by three researchers, one a specialist in cardiovascular research. Inter-rater reliability was assessed with 2 of the authors extracting 10 key variables from 10 records resulting in a Kappa coefficient ranging from 0.77 to 0.89.
Data collection procedures
Nursing staff were requested to distribute an explanation of the study to all appropriate ACS-T2DM patients in the cardiovascular unit. Data collection was commenced after written informed consent was obtained and participants were requested to complete the self-administered survey. The survey included three Chinese language version scales (C-DKS, C-ACSRI and C-DMSES) and the VAS. The survey was conducted one day before patients was discharged from hospital, taking 20-30 min to complete. The patient health care record review and clinical outcomes data extraction was undertaken after patients were discharged.
Current education
The specific education delivered to this sample has been explored by these authors (Liu et al., under review). Education is often delivered as part of normal ward activity, e.g. nurses might answer patients' questions when they are doing some nursing tasks for patients (Liu et al., under review). Face-toface teaching occurs, and patients are supplied brochures or pamphlets during admission or on discharge with telephone-based education and WeChat support (an online chat facility). Patients can scan the WeChat quick response code and then access the WeChat account that includes health information relating to ACS and T2DM on their inpatient and outpatient stage (Liu et al., under review). Education from nurses is mainly delivered 1-2 days prior to discharge and is usually of 20 min duration (Liu et al., under review). The estimated total education time is 30 min per patient. One telephone-based follow-up occurs for all patients two weeks after their discharge. This telephone support is usually of 5-10 min duration and focuses on the patient's condition at home and answering any questions raised by the patient (Liu et al., under review). Current education does focus on prescribed topics, and the topics reflect the content advised by existing Chinese guidelines (see Table I ) [31, 32] . The educational interventions reported in other trials (see Table I ) for ACS-T2DM patients included 1.5 h of educational sessions within the inpatient stay with telephone calls and text messages or home visit during the follow-up period [14] [15] [16] .
Data analysis
Data were analysed using Statistical Package for the Social Sciences (SPSS TM ) Version 22. Univariate descriptive data were used for describing scale scores, Chi square-tests were used to compare differences between categorical variables, and independent ttest or the Mann-Whitney U test was used to determine the differences between continuous variables. A correlation matrix was conducted to determine key predictor variables, which was then followed by linear multiple regression analyses with backward elimination to examine the impact of perceived education on prediction of diabetes management self-efficacy, attitudes to ACS and fasting blood glucose level on discharge in this study. P values < 0.05 were considered statistically significant.
The VAS scores for 'blood sugar' or 'heart' problems were recoded into two groups for comparison, i.e. a cut-off point of 50 was taken with participants classified into a limited education group ( 50 score on VAS) and sufficient education group (>50 score on VAS). This approach was previously used to classify knowledge into adequate or inadequate groupings for other samples [48] .
Results
A total of 160 patients were included in the study, the majority being men (n ¼ 110; 68.8%). The mean X. -L. Liu et al.
age was 66.29 years (SD 11.66 years). Patient characteristics as summarized in Table II .
Differences in characteristics of patients with limited or sufficient ACS or diabetes education
The median VAS score for diabetes education was 51.86 (scores ranging from 10 to 100) and median VAS score for heart disease education was 41.66 (scores ranging from 5 to 100). The duration of diagnosis with T2DM was from 0.5-30 years and the mean time was 8.5 years (SD 6.11 years). Just over 30.63% of the participants (n ¼ 49) were identified as having sufficient ACS education and nearly half of the participants (n ¼ 77, 48.13%) were identified as having sufficient diabetes education.
Differences in clinical outcomes on discharge for patients with perceived sufficient ACS or diabetes education
For patients who perceived they received sufficient versus limited diabetes education, the FBG on discharge, and diastolic BP at admission were significantly lower in the sufficient education group than Inpatient education for patients with ACS and T2DM limited education group (P < 0.05). Diastolic BP on discharge was increased slightly in the sufficient education group (P ¼ 0.01). The C-ACSRI attitudes score showed a significant difference between the two groups (t ¼ 6.811, P < 0.001 [2-tailed] , n ¼ 160). Similarly, significantly higher diabetes management self-efficacy scores (as measured by the C-DMSES) were achieved in the sufficient education group (t ¼ 4.730, P < 0.001 [2-tailed] , n ¼ 154). Diabetes knowledge showed a significant difference between the two groups (t ¼ 4.109, P < 0.001 [2-tailed] , n ¼ 156). No other significant changes were observed between groups for clinical outcomes. Table III lists the details of all clinical outcomes in the four groups.
Modelling the impact of perceived health education on knowledge, self-efficacy and selected clinical outcomes on discharge Predicting attitudes to ACS (symptom management) and the impact of health education
An initial correlation matrix identified relationships between ACS (measured by C-ACSRI) and X. -L. Liu et al.
VAS_ACS (r s ¼ 0.541, P < 0.01.), and age (r s À0.176, P < 0.05). Four variables were used in the analysis as predictors according to the results from the correlation matrix (Table IV) . Within three steps in regression, two variables were removed (age and length of stay) which were not significant. Two predictors remained which significantly predicted attitudes to ACS and explained 34% of the variance in the C-ACSRI scores, F ¼ 42.32, P < 0.0001. Increasing scores for the C-ASCRI could be explained by gender (being male) and higher scores for perceived health education. In addition, length of stay was not significant and was removed in the final model.
Predicting diabetes management self-efficacy and the impact of health education
An initial correlation matrix identified relationships between scores on C-DMSES and VAS_Diabetes (r s ¼ 0.340, P < 0.01). Similarly, the scores on the C-DKS and C-DMSES were positively related (r s ¼ 0.472, P < 0.01). The correlation between FBG on discharge and VAS_Diabetes was r s ¼ À0.217, P < 0.01, and the FBG on discharge was negatively correlated with scores on the C-DMSES (r s À0.162, P < 0.05). FBG on discharge was also positively associated with length of stay (r s ¼ 0.156, P < 0.05). 
Inpatient education for patients with ACS and T2DM
Six variables were used in the analysis as predictors according to the results from the correlation matrix (Table V) . Within four steps in regression, three variables were removed (age, length of stay, duration of diagnosis of T2DM) with low standardized betas which were not significant. Three predictors remained which significantly predicted diabetes self-efficacy and explained 27% of the variance in the C-DMSES scores, F ¼ 19.72, P < 0.0001. Increasing self-efficacy could be explained by gender, increased health education (higher VAS scores), and higher scores on the C_DKS. Perceived health education, although related to scores on the C-DKS (r ¼ 0.345), did uniquely contribute to the variance explained with a standardized beta of 0.15 (correlation of 0.047). In addition, duration of diagnosis and length of stay were not significant and were removed in the final model.
Discussion
This study investigated the effects of a relatively low intensity inpatient education programme for Chinese patients with ACS and T2DM. This is a difficult time for patients who may be recovering from coronary angiography, percutaneous coronary intervention (PCIs) or intracoronary stents [49] . The current confidence in acute health care services of the Chinese population [19] and minimal primary care services, suggests that this acute phase may be a valuable time for education [21] or the only time available [50] .
Perceived health education received
The VAS has provided a measure of the patient's perception of the education received. The median VAS score of diabetes education was 51.86 but more than half of the participants had a VAS score 50. In this sample the mean number of years since diagnosis of diabetes was 8.5 years, and therefore it could be assumed that education prior to this admission may have occurred during the many interactions with health professionals or previous admissions for diabetes-related complications that would have occurred.
The median VAS score of ACS education was 41.66, and only 30.6% of patients perceived they received sufficient education (VAS >50). These results demonstrated that ACS patients with T2DM received some education although patients perceived that they required more. The variance explained in the C-ACSI score, within the modelling was substantial (34%) and did support the view that the perceived education (VAS_ACS score), was related to perceptions of being able to manage symptoms (C-ACSI score).
The education provided is of low intensity compared with other education programmes, and perceived by patients, to be insufficient in relation to ACS education although not inclusive of the multidisciplinary team [13] . Nonetheless, patients' perceptions of t3heir ability to manage symptoms was high (mean score 13.85, SD 2.25), compared to other trials using more intensive educational interventions [51] with mean scores of ACSRI (ACS symptom management) from 8.7 (SD 3.2) to 13.0 (SD 1.7).
The impact of education on ACS symptom management and diabetes self-management
This study found that the inpatient education was related to enhanced knowledge and self-efficacy of X. -L. Liu et al.
T2DM for patients with ACS and T2DM. Our study's findings support previous studies [14-16, 18, 23, 52, 53] that have demonstrated that inpatient education improves knowledge of diabetes, self-efficacy in T2DM self-management and ACS symptom management and selected clinical outcomes of ACS and diabetes among ACS-T2DM patients.
As the purpose of health education is to prepare patients exiting the acute health care sector to selfmanage their T2DM, and symptoms of ACS, two valid and reliable measures of these outcomes, validated in Chinese samples, were used. For ACS, the mean score of the attitude subscale of C-ACSRI was 13.85 (SD 2.25) in the sufficient education group of the sample on discharge compared to other trials (education intervention by cardiac nurses) conducted in inpatient cardiac wards [51] with mean scores of attitude of ACSRI from 8.7 (SD 3.2) to 13.0 (SD 1.7). Therefore, the form of education delivered to this sample has supported positive outcomes in terms of the patient's confidence and ability to manage ACS symptoms when sufficient education was noted.
For ACS symptom management (C-ACSRI scores) the impact of education was substantial with an exponential beta of 0.55 for perceived education received, with the addition of gender (being male) having a lesser effect (0.11). Once again, duration of diagnosis of T2DM, and length of hospital stay were not significant in the final model. Inpatient education is practical, adaptable and applicable to the clinical setting for patients with ACS. The inpatient education helps patients to manage symptoms when they occur [54] . ACS patients with poor knowledge, attitudes or beliefs about disease management, are more likely to have an increased length of hospital stay or poor prognosis [55] .
The mean score of C-DKS was 6.23 (SD 1.21) in the sufficient education group of the sample on discharge, compared to other studies with more intensive education 90 min inpatient education, with text messages and telephone follow-up, demonstrating a DKS from 4.2 (SD1.99) to 6.9 (SD 0.99) in the intervention group [16] .
Similarly, the mean score for our sample for C-DMSES was 133.29 (SD 26.21) in the sufficient education group on discharge compared to other trials using educational self-efficacy programmes of 6 h duration where the DMSES scores were from 121.7 (SD 34.2) to 146.9 (SD 24.6) in the intervention group [53] . Further studies using similar content and follow-up have reported the DMSES scores of 134.6 (SD 31.48) to 161.3 (SD 28.57) in the intervention group [16] . Therefore, the form of education delivered to this sample has supported improved knowledge and perceptions that the patient can manage their diabetes on discharge, with this low intensity inpatient educational approach. Higher levels of self-efficacy may lead patients to adhere to better self-care practices and are likely to support disease management tasks [56] . Overall, we have provided evidence that in this sample within CCU in Shanghai, patients with sufficient education perceived they were adequately prepared to manage their symptoms and self-manage their diabetes at home.
The modelling for diabetes management (C-DMSES scores) demonstrated an exponential beta of 0.27 for perceived education received compared to 0.37 for diabetes knowledge (C-DKS score). Although these variables were related, prior knowledge of diabetes management is likely to have existed given the duration of T2DM was 8.50 years (SD 6.11 years). Neither hospital length of stay, nor length of admission was significant, although there was a negative correlation for being female and C-DMSES scores.
This study has identified a positive relationship between increased health education and improvements in self-efficacy. This result demonstrated that health education provided information and knowledge about disease management to patients which in turn could enhance patient confidence to overcome barriers and accomplish a specific goal. Providing the essential information about the management for the diseases may improve diabetes patients' level of confidence in their self-management skills, i.e. skills to control glycaemia status and Inpatient education for patients with ACS and T2DM ability to perform the plan their diet, and exercise in their daily life [56] .
The impact of inpatient education on clinical outcomes
For the two groups divided by diabetes education received (limited or sufficient), the patients with lower FBG and diastolic BP in the sufficient education group compared well with the limited education group. Health education in any format can significantly improve glycemic improvement for Chinese patients [57] . Patients with diabetes who attend a health education programme are more likely to follow the treatment recommendations, and education helps optimize glycemic improvement, reduce and manage complications and improve quality of life in a cost-effective approach [58] . In addition, this sample was provided a standard diabetic diet during their hospital stay. This also has potential benefits, combined with anti-glycaemic agents [59] administered during the patient stay, to reduce the blood glucose levels on discharge.
Practice implications
The provision of health education was positively associated with improvements in self-management scores for both ACS symptoms and diabetes selfmanagement. Patients with sufficient education perceived they were adequately prepared to manage their symptoms and self-manage their diabetes, or ACS symptoms at home, however, this represented only a small proportion of the total sample. The content and duration of education delivered in this critical care setting was relatively limited, requiring additional behavioural and psychosocial elements. Nonetheless, the education received by patients is associated with positive changes in key psychosocial and clinical outcomes. Additionally, there may be benefits to providing a formalized structured approach (defined content delivered by specific health professionals at specific times) with increased contact hours (10 h). A theoretical approach could also support health behavioural change as has been demonstrated in other diabetes self-management education programmes [14, 15, 18] . Physicians and registered nurses have provided the education for ACS-T2DM patients in this setting; the extension to include the multidisciplinary team may also enhance patient outcomes.
Limitations
The findings of this study may not be generalizable to other cultures or dissimilar health systems. This study does not provide evidence of cause and effect, rather an association between the perceived education received and key outcomes. The VAS and other self-report scales used in this study may under or over represent the true value of the score for the scale and the need for socially desirable scores to be reported may have influenced these data. However, clinical outcomes have also demonstrated positive effects. There was also no baseline data collected on behavioural or clinical outcomes, rather this study sought to evaluate existing educational practices.
Conclusions
Inpatient health education (even of low intensity, and lacking behavioural grounding) delivered during an acute admission has contributed to improved fasting blood glucose, and improved scores in ACS symptom management and diabetes management self-efficacy among patients with ACS and T2DM attending a Shanghai hospital. The findings of our study also showed that inpatient education related to T2DM and ACS delivered during an acute admission is associated with improved scores in ACS symptom management and diabetes self-management. The strength of the association between the perceived education received and ACS symptom management suggests that even the limited education delivered during acute admission with 1-2 telephone follow-up support calls, has impacted on the patients' ability to potentially manage their symptoms on discharge. For diabetes education, duration of diagnosis did not impact on diabetes management self-efficacy although existing diabetes knowledge was evident. Even in the presence of existing knowledge, there is still an impact X. -L. Liu et al.
on diabetes management self-efficacy from ongoing education being delivered during an initial or subsequent admission. Low intensity inpatient education has benefits for patients, although in this study, requiring increased emphasis on ACS symptom management, to adequately prepare patients for self-management in the home.
